To identify which organelles contained inositol trisphosphate (InsP 3 ) receptor type 2 (InsP 3 R2) in adrenal medullary (AM) cells, immunocytochemical and biochemical studies were performed on AM cells of several species. InsP 3 R2-like immunoreactive materials produced by two different anti-InsP 3 R2 antibodies (Abs) (Chemicon and Sigma) were distributed in rat AM cells in agreement with BODIPY-FL-InsP 3 binding sites. For two other Abs (KM1083 and Santa Cruz), some of the antiInsP 3 R2 immunoreactive materials were stained with an antidopamine-β-hydroxylase Ab, but not by BODIPY-FL-InsP 3 . BO-DIPY-FL-thapsigargin binding sites were consistent with a distribution of the endoplasmic reticulum (ER) identified by an anticalnexin Ab, and a prior application of thapsigargin significantly eliminated BODIPY-FL-thapsigargin bindings, suggesting that BODIPY-FL-thapsigargin bindings were mediated by thapsigargin, but not the fluorescence molecule. The anti-InsP 3 R2 Ab that produced stainings consistent with BODIPY-FL-InsP 3 bindings recognized a protein with about 250 kDa. A fractional analysis of bovine adrenal medullae revealed that the 250 kDa InsP 3 R2 was detected in a crude membrane fraction, but not in a secretory granule fraction. The results suggest that the InsP 3 R2 was present in the ER, but not in secretory granules in AM cells.
It is generally believed that the endoplasmic reticulum (ER) functions as an intracellular Ca 2+ store site [1] [2] [3] [4] . In goblet cells, however, secretory granules were reported to release Ca 2+ in response to inositol 1,4,5-trisphosphate (InsP 3 ) [5] , whereas in submandibular acinar cells InsP 3 receptors (InsP 3 Rs) were shown to be present in vesicles, but not in the rough ER [6] . Moreover, Yoo and his colleagues reported that all three subtypes of InsP 3 Rs resided in secretory granules as well as the ER in bovine adrenal medullary (AM) cells [7] [8] [9] . From a functional point of view, the presence of InsP 3 Rs in secretory granules is readily explained. If InsP 3 Rs are located in secretory granules underlying the plasma membrane, a stimulation of receptors associated with phospholipase C would induce an increase in [Ca 2+ ] near the plasma membrane. This would efficiently facilitate the fusion of the secretory granule membrane with the plasma membrane and result in secretion [10] . However, secretory granules are organelles totally different from the ER, having a unique set of proteins [11, 12] . Furthermore, the pH in the secretory granules is more acidic than that in the ER [13] . If InsP 3 Rs are present in secretory granules, the cell will require special transport and anchoring systems for the granules to maintain them [14] .
Our immunocytochemical study [15] using an antibody against calnexin, an integral protein of the ER membrane, revealed that in rat AM cells the ER is distributed not only in the vicinity of the nucleus, but also underneath the plasma membrane. Therefore, InsP 3 Rs below the plasma membrane are not necessarily located in secretory granules, but they are possibly present in the peripheral ER [16] . In pancreatic acinar cells, InsP 3 Rs in the apical pole were reported to be present in secretory granules [17, 18] . However, later studies suggested that the InsP 3 -induced Ca 2+ release from a crude granule fraction might have come from the ER contaminated in the fraction [19, 20] . These results led us to investigate the notion that the InsP 3 Rs at the cell periphery of AM cells may not be present in secretory granules. In the present experiment, we examine this possibility by combining immunocytochemistry with biochemical methods. The Journal of Physiological Sciences Vol. 56, No. 6, 2006
METHODS
Immunocytochemistry. Unless specified, immunocytochemistry was performed in dissociated rat AM cells. Male rats and guinea pigs were killed by cervical dislocation, and the adrenal glands were excised. Adrenal medullae were cut into three to six pieces and incubated for 30 min with 0.25% collagenase dissolved in Ca 2+ -deficient saline (137 mM NaCl, 5.4 mM KCl, 0.5 mM MgCl 2 , 0.53 mM NaH 2 PO 4 , 5 mM D-glucose, 5 mM Hepes, and 4 mM NaOH, pH 7.4). After incubation, the tissues were washed in Ca 2+ -deficient saline, and placed in a dish, then dissociated using fine needles. The dissociated AM cells were fixed in 2% paraformaldehyde-containing phosphatebuffered saline (PBS: 145 mM NaCl, 8 mM Na 2 HPO 4 , 2 mM NaH 2 PO 4 ) for 2 h at 4°C, then treated in 5% goat or rabbit serum containing PBS with 0.3% Triton X for 30 min. For indirect immunofluorescence studies, the cells were treated with a rabbit anti-InsP 3 R type 2 (InsP 3 R2) Ab produced by Sigma (at a dilution of 1:100) overnight, rabbit anti-InsP 3 R2 Ab by Chemicon (1:10) overnight, goat anti-InsP 3 R2 Ab by Santa Cruz (1:100) for one or two days, or mouse anti-InsP 3 R2 Ab KM1083 [21] (1:1,000) overnight, and/or with a rabbit anti-dopamine-β-hydroxylase (DβH) Ab (Chemicon) (1:500) overnight. The AM cells were also treated with a rabbit anti-calnexin Ab (Stressgen) (1:400) overnight. The immunoreactions were visualized with respective secondary Abs conjugated with Alexa 488 or 546 (Molecular Probe) (1:300). In the case of Alexa 488 (FITC-like fluorescence), immunoreactivity was observed with an illumination of a 488 nm laser and an emission of 510-525 nm, whereas in the case of Alexa 546 (rhodamine-like fluorescence), it was observed with an illumination of a 543 nm laser and emission above 560 nm. Cross-talk between FITC-and rhodamine-like fluorescence in double stainings was assessed in experiments where FITC-or rhodamine-like fluorescence was observed after treatment with one secondary Ab coupled with Alexa 546 or 488, respectively. In our experimental conditions, there was no significant cross-talk between FITC-and rhodamine-like fluorescence. To identify organelles stained with the anti-InsP 3 R2 Abs, cells with immunoreactions were immersed in PBS containing 30 µM BODIPY-FL-InsP 3 [16] , 1 µM ER Tracker (Molecular Probe), or 4.4 µM 3,3´-dihexyloxacarbocyanine iodide (DIO) (Molecular Probe) whereas to study the relation between the ER and Ca 2+ store sites, the cells treated with the anti-calnexin Ab were placed in 0.5 µM BODIPY-FLthapsigargin (Molecular Probe). The immunoreactivity was observed using a confocal laser scanning microscope (Zeiss LSM 410) with X63 objective lenses (a numerical aperture of 1.25 or 1.4). The binding of ligands conjugated with BODIPY moiety (fluorescent ligands) and DIO was visualized with an illumination of a 488 nm laser and an emission of 510-525 nm, whereas ER Tracker bindings were visible with an illumination of 365 nm and emission above 397 nm. Fluorescence was observed through the whole cell with a full width at a half-maximum of 0.7 µm, and the colocalization of InsP 3 R2-like immunoreactivity with fluorescent agent binding was analyzed at a section where both fluorescences were strongest. Whole-cell images were acquired with an illumination of the 488 nm laser and an emission of all wavelengths, and the cell shape or edge was determined by looking at staining intensity above background levels. A superimposition of cell shape and fluorescence images was made with the use of Photoshop software (version 6.0). To examine the specificity for the immunoreaction, the preparation was treated with a nonimmune serum instead of a primary Ab, and almost no immunoreaction was observed under the same conditions as those used for the primary Ab.
Immunoblot. Rat adrenal medullae were homogenized in a Tris buffer (10 mM Tris-HCl [pH 7.4], 150 mM NaCl) containing a protease inhibitor cocktail (Calbiochem). Homogenates were spun down at 2,000 × g for 10 min at 4°C, and the postnuclear supernatants were then mixed with equal volumes of a twofold concentrated Laemmli sample buffer. The crude membrane fraction was obtained with a centrifugation of the postnuclear supernatant at 100,000 × g for 1 h. The resulting pellet was dissolved in the sample buffer. Since catecholamines interfere with a BCA protein assay kit (Pierce), protein concentrations in samples were measured after the proteins were precipitated by acetone and resuspended in the sample buffer. Just before electrophoresis, 5% (v/v) 2-mercaptoethanol and 1% (w/v) bromophenol blue were added to the sample, and the proteins were separated by 10% or 7.5% (w/v) SDS-PAGE, then transferred to a PVDF membrane. The membrane was blocked with 5% (w/v) fat-free powdered milk dissolved in the Tris buffer with 0.1% Tween 20 and then incubated with primary Abs. The immunoreaction was detected by incubating the membrane with respective secondary Abs linked to horseradish peroxidase and then with ECL-Plus (Amersham).
Fractionation study. Bovine secretory granules were isolated, as described previously [22] . Briefly, bovine adrenal medullae were homogenized in SME buffer (300 mM sucrose, 10 mM MOPS, and 5 mM EDTA), filtered through one layer of fine mesh cotton gauge. Following centrifugation at 1,000 × g for 15 min, the postnuclear supernatant was spun at 25,000 × g for 20 min to obtain a crude granule pellet and a postgranule supernatant. The pellet was resuspended in SME buffer and layered over step gradients of Percoll (60%, 40%, and 20%). The gradients were spun at 10,000 × g for 30 min. The material banded at the 40% to 60% interface was resuspended in SME buffer, then centrifugated at 25,000 × g for 20 min. This procedure was twice repeated to remove Percoll. The resulting pellet was dissolved in the sample buffer, resulting in a secretory granule fraction. On the other hand, the postgranule supernatant was spun at 100,000 × g for 1 h, and the resulting pellet was dissolved in the sample buffer, the solution was designated a crude membrane fraction.
Immunogold electron microscopy. Female guinea-pigs were deeply anesthetized with sodium pentobarbital (50 mg/kg, i.p.) and perfused through the ascending aorta with 50 ml of saline, then with 250-300 ml of PBS containing 4% paraformaldehyde and 0.1% glutaraldehyde for 30 min. The adrenal glands were removed immediately and postfixed in the same fixative for 1 day at 4°C. After being washed with PBS, the fixed tissues were trimmed to smaller pieces containing the medulla, incubated for 2 days in 30% sucrose in PBS, and incubated for 3 days in cold PBS with 1.84 M sucrose and 20% polyvinyl pyrrolidone. The tissues were cut into very small pieces and rapidly frozen in liquid nitrogen. Frozen ultrathin sections (150 nm thick) were made with a Lica Ultracut S/FCS (Austria). The sections were picked up on a formvar/carbon-coated nickel grid, then incubated overnight with the Santa Cruz anti-InsP 3 R2 Ab diluted at 1:100 in the PBS with 2% gelatin and 10 mM glycine. The sections were washed five times with PBS containing 0.5% gelatin and 10 mM glycine, then incubated for 2 h with 10 nm colloidal gold-labeled rabbit anti-goat IgG Ab (2 µg/ml) (British Biocell International). After being washed again, the sections were postfixed in 0.1% glutaraldehyde, stained with 2% uranyl acetate, embedded in polyvinyl alcohol, and observed with a Jeol JEM-1200 EXII electron microscope (Japan).
RESULTS

Immunocytochemistry for InsP 3 Rs
We previously showed that rat AM cells had mainly the InsP 3 R2 isoform [23] . Thus to identify intracellular organelles having InsP 3 R2, an immunostaining of InsP 3 R2 was compared with the binding of BODIPY-FL-InsP 3 , which was shown to represent the ER [15] . Figure 1 shows immunostainings obtained with anti-InsP 3 R2 Abs produced by Chemicon, Sigma, and Santa Cruz (SC) and with KM1083, monoclonal anti-InsP 3 R2 Ab. The Chemicon anti-InsP 3 R2 Ab-immunoreactive materials, which were observed as rhodamine-like fluorescence, were distributed both in the vicinity of the nucleus and at the cell periphery in dissociated AM cells (Fig. 1A) . In all 24 cells examined, this distribution of immunoreactivity was nearly coincident with the binding of BODIPY-InsP 3 (Fig.  1B) , which was visible as FITC-like fluorescence. On the other hand, the Sigma Ab produced not only immunoreactive materials in the vicinity of the nucleus and the plasma membrane, but also dotlike materials in the nucleus (Fig.  1C) . The distribution of the former generally agreed with that of fluorescent InsP 3 bindings in 13 cells, whereas the latter lacked fluorescent InsP 3 bindings (Fig. 1D) .
The distribution of materials immunoreactive to KM1083 that were present in a punctate fashion in the vicinity of the nucleus and the plasma membrane nearly overlapped with BODIPY-FL-InsP 3 binding in 2 of 9 cells examined, whereas in the remaining 7, strips at the cell periphery were additionally stained with KM1083, and this striplike immunoreactivity was devoid of fluorescent InsP 3 binding (Fig. 1, E and F) . On the other hand, the SC anti-InsP 3 R2 Ab produced immunostaining patterns that were entirely different from BODIPY-FL-InsP 3 bindings in 12 cells (Fig. 1, G and H) . The materials immunoreactive to the Ab were mainly confined to the cell periphery, which showed no fluorescent InsP 3 binding. Taken together, the materials immunoreactive to so-called antiInsP 3 R2 Abs consisted of two components: one set of materials distributed in a punctate fashion coincided with fluorescent InsP 3 bindings in the cytoplasm, whereas the other set present as a strip at the cell periphery lacked them.
ER markers and anti-InsP 3 R2-like immunoreactive materials
Since InsP 3 R2 is generally thought to be present in the ER, we performed double stainings with anti-InsP 3 R2 Abs and ER markers, ER Tracker, and DIO [24] . The distribution of KM1083-immunoreactive materials in the vicinity of the nucleus agreed with that of ER Tracker bindings in 11 cells (Fig. 2, A and B) . Similarly, materials immunoreactive to the Sigma Ab in the cytoplasm coincided with DIO bindings in 7 cells, whereas immunoreactive materials present in the nucleus had no DIO binding activity (Fig. 2, C, D , and E). These results indicate that materials immunoreactive to anti-InsP 3 R2 Abs, whose distribution agrees with BODIPY-FL-InsP 3 bindings, reside in the ER.
InsP 3 R2-like immunoreactive materials and secretory granules
Our observation that striplike immunoreactive materials to KM1083 at the cell periphery lacked fluorescent InsP 3 -binding activity raised the possibility that they were located in organelles other than the ER. This possibility was confirmed in Fig. 2 , F, G, and H, which revealed that the KM1083-immunoreactive strip along the cell periphery was not stained with DIO either. This finding was consistently observed in 7 cells examined. These two lines of evidence indicate that part of KM1083-immunoractive materials present at the cell periphery were located in organelles other than the ER, most probably secretory granules. This possibility was investigated with a double staining. As shown in Fig. 3, A, B , and C, the region labeled by an Ab raised against DβH that resides in secretory granules [25] overlapped minimally to that of fluorescent InsP 3 binding in 8 cells, suggesting that the anti-DβH Ab had not labeled the ER. Most of the KM1083-immunoreactive area along the cell periphery was stained with the anti-DβH Ab in 7 cells (Fig. 3, D, E, and F) most of the SC Ab-immunoreactive area was stained with the anti-DβH Ab in 7 cells (Fig. 3 , G, H, and I). These immunocytochemical findings indicated that most strips stained with KM 1083 and the SC Ab at the cell periphery were secretory granules. This notion was further confirmed at the electron microscopic level. Figure 3 J clearly revealed that immunoreaction with the SC Ab selectively deposited gold particles in secretory granules.
Immunoblot
The foregoing results raised the possibility that the ER and secretory granules were immunoreactive to putative anti-InsP 3 R2 Abs, as shown in bovine AM cells [9] . However, this complexity might be ascribed to heterogeneous immunoreactivities of the Abs used. Thus we investigated the specificity of Abs using immunoblotting. The Chemicon Ab specifically recognized a protein of about 250 kDa were loaded in each fraction. The exposure time for the detection of bands was adjusted so that the InsP 3 R2 levels detected with the Chemicon Ab were comparable to those with KM1083. These immunoblots represent 3 to 4 experiments for the Abs. The postnuclear homogenate (H) was spun at 100,000 × g for 1 h, and the resulting supernatant and pellet were designated as supernatant (S) and a crude membrane fraction (C) (see METHODS for details).
in a homogenate and a crude membrane fraction of the rat adrenal medulla and not in a supernatant fraction (Fig. 4) , indicating that the Ab was specific for InsP 3 R2. On the other hand, the SC Ab did not detect the 250 kDa protein, although it recognized bands with lower molecular weights. KM1083 mainly recognized the 250 kDa protein, but it also recognized bands with lower molecular weights in the homogenate, supernatant, and crude membrane fraction. The results indicated that the Chemicon Ab was most selective for InsP 3 R2 among the three Abs, at least in the rat.
Distribution of fluorescent thapsigargin bindings
Our previous study indicated that Ca 2+ store sites sensitive to muscarinic receptor stimulation in the rat AM cells were depleted by thapsigargin [23] , a specific inhibitor of sarcoplasmic and/or endoplasmic reticulum Ca 2+ (SER-CA) pumps [26] , and Ca 2+ mobilization in response to muscarinic receptor stimulation in AM cells was most likely mediated by InsP 3 [27, 28] . These results suggest that SERCA pumps are responsible for Ca 2+ uptake into the InsP 3 -sensitive Ca 2+ store sites. SERCA pumps are firmly established to be present in the SR in the muscles [2] [3] [4] , but in other cells [24, 29] they were also very likely to reside in other organelles, such as the Golgi. Thus we studied whether SERCA pumps were located in the ER. To explore the distribution of SERCA pumps, rat AM cells were exposed to BODIPY-FL-thapsigargin, and the binding was visualized as FITC-like fluorescence. Figure  5 shows that BODIPY-FL-thapsigargin binding was not due to the fluorescent moiety, but to thapsigargin itself. nexin-like immunoreactivity visible as rhodamine-like fluorescence, were measured in 6 cells with and without a 10 min prior exposure to 20 µM thapsigargin (Fig. 5, A and B), mean intensity per pixel (pixel size = 0.079 µm × 0.079 µm) was significantly diminished by the prior exposure (Fig. 5C ). In 13 cells, the distribution of fluorescent thapsigargin binding (Fig. 5, D and E) overlapped with that of the ER, as identified by immunostaining for calnexin, an integral protein of the ER.
Fractionation study
The presence of InsP 3 R2 in secretory granules was further studied by the fractionation of a postnuclear homogenate of the bovine adrenal medulla. A highly purified secretory granule (SG) fraction, which was obtained in two steps using centrifugation with a Percoll gradient, was rich in DβH and had almost no calnexin, whereas a crude membrane (CM) fraction, which was obtained with centrifugation of a postgranular supernatant, was rich in calnexin, but lacked DβH (Fig. 6, A and B) . Figure 6 C reveals that InsP 3 R2 was detected in the CM fraction, but not in the SG fraction, suggesting that InsP 3 R2 is present in the ER, but not in secretory granules.
DISCUSSION
Secretory granules, such as chromaffin [30, 31] and zymogen granules [32] in pancreatic acinar cells, are known to contain large amounts of Ca 2+ ions. The physiological significance of these intragranular Ca 2+ ions ([Ca 2+ ] g ), although suggested to be involved in secretion [7] , still remains obscure. Chromaffin and zymogen granules were shown to release Ca 2+ ions in response to InsP 3 [8, 17] , and InsP 3 Rs were localized in chromaffin granules by the use of immunogold electron microscopy [9] . Consistent with the notion that secretory granules are dynamic Ca 2+ stores, the measurement of [Ca 2+ ] in insulin-containing granules of MIN6 cells with a vesicle-associated membrane protein aequorin chimera revealed a dramatic decrease in [Ca 2+ ] g in response to caffeine and cyclic ADP ribose [11] . However, the use of a similar approach to measure [Ca 2+ ] g in neurosecretory PC12 cells revealed that [Ca 2+ ] g was altered with a change in intracellular pH [33] , but it did not noticeably respond to InsP 3 or cyclic ADP ribose [12] . Furthermore, the presence of InsP 3 Rs in zymogen granules has been disputed [19, 20] .
In the present experiment, four different Abs were used to elucidate organelles having InsP 3 R2 in rat AM cells. The Sigma Ab was produced in rabbits with the synthetic peptide corresponding to amino acid residues 317-334 of the rat InsP 3 R2. The materials immunoreactive to the Ab in the vicinity of the nucleus and cell membrane bound to the same regions as BODIPY-FL-InsP 3 did. A similar result was obtained with the Chemicon Ab, which was made in rabbits with a peptide corresponding to the carboxy terminus of the rat InsP 3 R2. The BODIPY-FL-InsP 3 binding sites below the plasma membrane as well as in the vicinity of the nucleus in chromaffin cells were previously shown to be identical with sites stained with an anti-calnexin Ab [15] , whereas materials immunoreactive to the Sigma Ab were distributed similarly to DIO binding sites, except for the nucleus. These previous and present results indicate that central and peripheral sites with InsP 3 R2-like immunoreacitivity that agree with BODIPY-FL-InsP 3 -binding sites represented the ER. On the other hand, the SC antiInsP 3 R2 Ab, which was raised in goats against a peptide mapping at the carboxy terminal of human InsP 3 R2, stained strips along the cell periphery, which were labeled with an anti-DβH Ab, but not BODIPY-FL-InsP 3 , indicating that the immunoreactive materials to the SC Ab were present in secretory granules. This notion was confirmed at the electron microscopic level. The immunoreactive properties of KM1083, which was also raised against the carboxy terminal of human InsP 3 R2 [21] , were between those of the rabbit Abs and the goat Ab. Most of these mAb-labeled materials in the vicinity of the cell membrane were stained with the anti-DβH Ab, but not with BODIPY-FL-InsP 3 , whereas the mAb-sensitive area near the nucleus was stained with the latter and ER Tracker, which selectively bind to the ER. In summary, the four Abs could be divided into two groups: one , including the Sigma and Chemicon Abs, did not stain strips at the cell periphery; the other, comprising the SC Ab and KM1083, did stain them.
The immunocytochemical studies with the various Abs in the present and previous experiments [23] might suggest that InsP 3 R2 resides not only in the ER, but also in secretory granules, as proposed in bovine AM cells [7] . However, we think that this possibility is not feasible. First, the Chemicon Ab specifically recognized InsP 3 R2 of about 250 kDa in rat adrenal medullae. On the other hand, KM1083 in the second group mainly recognized the 250 kDa protein, but it also recognized proteins with lower molecular weights whereas the SC Ab scarcely detected the InsP 3 R2. Thus the Chemicon Ab appeared to be most specific for the InsP 3 R2 at least in the rat. This Ab showed a staining similar to BODIPY-FL-InsP 3 -binding sites in the vicinity of the nucleus and cell membrane, but it produced no striplike stainings at the cell periphery.
Our notion that the InsP 3 R2 is present in the ER, but not in secretory granules, was further supported by fractionation studies revealing that the 250 kDa InsP 3 R2 was recovered in a CM fraction, but not in a highly purified SG fraction. Furthermore, BODIPY-FL-thapsigargin -binding sites coincided with those labeled with the anti-calnexin Ab. We [23] and others [34] reported that thapsigargin depleted Ca 2+ ions from store sites, from which Ca 2+ mobilization occurred in response to InsP 3 -generating receptor agonists. Thus the coincidence of BODIPY-FL-thapsigargin-binding sites with calnexin-like immunoreactive sites is consistent with the notion that the ER alone is responsible for InsP 3 -sensitive store sites in chromaffin cells. These immunocytochemical and biochemical studies suggest that InsP 3 R2 is distributed in the ER, but not in secretory granules in rat adrenal chromaffin cells. This notion compares with electron microscopic studies of the cerebellum, which revealed that immunoreactive products to an anti-InsP 3 R1 Ab were present in the ER, but not in other organelles, such as the Golgi complex or synaptic vesicles [35, 36] .
Yoo's group recently extended immunogold electron microscopic studies to show that InsP 3 R-like immunoreactive materials were distributed not only in the ER and secretory granules, but also in the plasma membrane, mitochondria, and nuclear envelope [37] . Furthermore, the nucleoplasm was also shown to have InsP 3 R-like products, as was noted with the Sigma anti-InsP 3 R2 Ab. Thus according to a series of papers by Yoo and his colleagues [9, 37] , InsP 3 Rs turn out to be present almost everywhere in bovine chromaffin cells. This apparent complexity of InsP 3 R distributions, in our opinion, may at least in part be due to nonspecific binding. There was a similar controversy about whether InsP 3 Rs were present in secretory granules in pancreatic β cells or not. The InsP 3 R type 3 was reported to be present in insulin-containing secretory granules [38, 39] . However, its presence in insulin granules was contradicted because the Ab that was used (AB3Ab) cross-reacted with rat insulin [40] . Thus to elucidate which organelles contain target proteins, we would need to perform immunocytochemical studies with multiple Abs, which were raised against different epitopes.
